of enhanced, long-lived t3C nuclear spin echoes in solids. These experiments have allowed several novel features of IligJi resolution solid state NMR to emerge, e.g., the.feasibility of determining natural lineshapes and linewidths due to randomly distributed cuclei (in this case with internal dipolar coupling) and the direct measurement of atomic or molecular diffusion in the solid state. The latter extends to solids an approach reserved heretofore for liquids and recently extended to liquid crystals [3]. The details of these experiments will be presented elsewhere. In this communication,
We report the ubservation ol~enhanced and long-lived 13C nuclear spin echoes in solids. These echoes can be used to determine limiting natural resolution nnd lineshapcs due to the randomly distributed 13C spins coupled via dipolnr inwractions, 2nd IO mensure, directly. molecular diffusioh in the solid state.
The metllod of nuclear spin echoes [I ] has provided an extremely powerful tool for the direct study of difPusion in liquid-like systems. Unfortunately, tllis has not been applicable to solids, since in these systems the decay of spin coherence is normally dominated by strong dipolar interactions and is thus not easily reversible [I!] _ We wish to report tile first observation of enhanced, long-lived t3C nuclear spin echoes in solids. These experiments have allowed several novel features of IligJi resolution solid state NMR to emerge, e.g., the.feasibility of determining natural lineshapes and linewidths due to randomly distributed cuclei (in this case with internal dipolar coupling) and the direct measurement of atomic or molecular diffusion in the solid state. The latter extends to solids an approach reserved heretofore for liquids and recently extended to liquid crystals [3] . The details of these experiments will be presented elsewhere. In this communication,
we describe briefly the approach employed and present some novel preliminary results.
NFIR of rare nuclei, in natural isotopic abundance in solids, poses two challenging problems, namely low sensitivity and dipolar broading by abundant neighboring spins. We carry out the remainder of the discussion with the common example of 13C (dilute) and 'H (abundant).
The problems can be overcome by crosspolarization between the 1 H and 13C spin reservoirs and high power spin-decoupling [4] _ Pulsed modulation of the 13C rf output, on a time scale slow com-'. pared to the i H rf cycle time, can subsequently produce 614 inhomogeneous nuclear spin echoes in the solid, provided the decoupled free induction decay is dominated by static magnetic field gradients over the 13C-13C dipolar coupling. This is certainly the case in all our current experiments. There are various ways of achieving the cross-polarization, and the one used here is technically particularly convenient [6] ; if@ is/the power signal/noise obtained from the 13C spins in a usual free induction decay, then by proper adjustment of the rf amplitude, the theoretical signal/ noise obtainable after such a total cross-polarization is Cross-polarization occurs from the demagnetized proton reservoir in the rotating frame. The large "C magnetization is then treated by a slow train of pulses during strong 'H irradiation. since large signals are observed in one sllot [6, 8, 9] a substantial reduction in expenditure of rf energy is realized over multiple contacts with signal accumulation.
In fig. 2 will allow complete studies to be carried out eYen in polycrystalline samples, by monitoring dirferentinl decay of rhe spectrum obtained by Fourier transformation of the echoes. ** In QSCS where the diffusion shortens the proton spin-lattice relaxation times making the cross-polarization ineffective, echoes are still observed following a normal pulsed free induction decay, of course with reduced sensitivity.
